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Responses to Editor and Reviewers 

 

Dr. Dongmei HAN 

Key Laboratory of Water Cycle & Related Land Surface Processes 

Institute of Geographic Sciences and Natural Resources Research 

Chinese Academy of Sciences 

Beijing 100101, P.R. China 

Fax: +86-10-64889849 

Tel: +86-10-64889367 

Beijing, 12 February, 2018 
 

 

To: 
Prof. Hu Bill 

Associate Editor 

Hydrology and Earth System Sciences 

 

Dear Prof. Hu, 

 

We are submitting the revised manuscript titled “Delineating multiple salinization processes 

in  a  coastal  plain  aquifer,  northern  China:  hydrochemical  and  isotopic  evidence”  (HESS 

‐2017‐617) to Hydrology and Earth System Sciences. Following the constructive comments 

from  two  reviewers,  the  authors  have  completed  revisions  on  the  previous manuscript, 

addressing  each point  raised by  the  reviewers. We  gratefully  acknowledge  their  generous 

contribution and feedback. 

 
Reply to the anonymous Referee #1: 
We would like to thank you for the very valuable comments on our manuscript, we think these 
comments will help to improve its quality greatly. We have attempted to address each of the 
comments point-by-point:  
 
Anonymous Referee #1: 
General comments 
The specific aims of the study are reasonably clear. However, what is not clear is what new 
general information you hope to provide. There have been numerous studies of coastal 
groundwater in China (many of which are referenced). What new information will come out 
of this paper? There is the conceptual model, but is that different to what has been previously 
proposed (i.e. does this paper provide some new understanding and if so what are the current 
gaps in knowledge). Additionally, how does the paper inform our understanding of coastal 
aquifers in general?  Regional papers are useful, but to be published in International Journals 
they need to convey some new understanding that ideally is applicable to other study areas. 
The paper commences with a review of a range of topics and seawater intrusion in a number 
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of settings. However, it is mainly a case study and while these are important, you need to 
revisit those topics and explain in the conclusions the relevance to research elsewhere. 
Response: Agree, changes made. We have revised the objectives of this paper as outlined in 
Lines 104-120, as well as highlighting the relationship between previous work in the study 
area, and the novel contribution made in this case (building on past work). 
 
In China, there are 18,000 kilometers of coastline. Approximately 12% of the population 
(>100 million people) are distributed in these low elevation coastal zones, which are highly 
vulnerable to water supply stress caused by seawater intrusion. The most serious seawater 
intrusion (SWI) in China occurs in the Circum-Bohai-Sea region, with the estimated area 
affected being 2457 km2, increasing at a rate of 6 km2/a since the 1980s. This study 
comprehensively delineates the interaction between marine surface water and groundwater as 
well as mixing between low-temperature fresh groundwater and thermal waters in Quaternary 
aquifers of the Circum-Bohai coastal plain. Few previous studies have examined cases 
involving multiple hydrochemical end-members and salinization sources, including both 
marine water and deep geothermal water. The study thus provides a novel case study, using a 
series of geochemical/isotope indicators to separate the influence of these different 
mechanisms. The additional aspect delineating anthropogenic pollution as a distinct process 
contributing to salinization is also relatively rare in the literature. 
 
The salinization processes occurring in coastal area around the Circum-Bohai Sea-Region 
examined in this study are quite different from coastal carbonate aquifers in the Dalian area 
(e.g., Han et al., 2015) and Quaternary aquifers with paleo-seawater residue (brines) Laizhou 
Bay (e.g., Han et al., 2014). The study is therefore both novel, in that the contribution of 
thermal water up-welling is delineated in addition to SWI influence and of great practical 
significance, as similar processes may be occurring elsewhere in the Circum-Bohai or other 
regions.  
 
Lines 109-120: “In the past 30 years, many studies have investigated seawater intrusion and 
its influencing factors in the region using hydrochemical analysis (Xu, 1986; Yang et al., 1994, 
2008; Chen and Ma, 2002; Sun and Yang, 2007; Zhang, 2012) and numerical simulations 
(Han, 1990; Bao, 2005; Zuo, 2009). However, these studies have yet to provide clear 
resolution of the different mechanisms contributing to salinization, and have typically ignored 
the role of anthropogenic pollution and groundwater-surface water interaction. This study is 
thus a continuation of previous investigations of the region, using a range of hydrochemical 
and stable isotopic data to delineate the major processes responsible for increasing 
groundwater salinity, including lateral sub-surface sea-water intrusion, vertical leakage of 
marine-influenced surface water, induced mixing of saline geothermal water, and 
anthropogenic pollution. The goal is to obtain a more robust conceptual model of the 
interconnections between the various water sources under the impact of groundwater 
exploitation. The results provide significant new information to assist water resources 
management in the coastal plain of Bohai Bay, and other similar coastal areas globally.” 
 
Some aspects of the study are oddly placed. Notably, the changes to groundwater levels are 
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discussed in Sections 2.2, 2.3 and 4.1, which makes it difficult to follow. Shortening it so that 
only the key information is presented and adding a diagram to illustrate the trends would help 
immeasurably. In a similar way, Section 5 has a lot of data presentation in it as well as 
interpretation and much of that should be moved to Section 4. 

Response: We agree and have made substantial changes in response to this comment, and 
related subsequent comments (below), including a re-organisation of the paper to reduce 
repetition and give it a logical flow between sections. Information relating to particular topics 
(such as water level data, historic monitoring of saline intrusion etc.) has been removed from 
the results section (4.1) and is now consolidated in a revised introductory section (2.3; Lines 
170-219). As suggested, we have also included a new diagram (Supplementary Fig. S1) to 
show the distribution of groundwater levels in 1986, 1998, 2004, and 2010: 

 

Fig. S1 Maps showing the distribution of groundwater level contours in shallow aquifers (a) in 1986 (from 

Han, 1988), (b) in 1998 (from Zuo, 2006), (c) in 2004 (from Zuo, 2006), and (d) in 2010 (this study) 

 
Additionally, we significantly reorganized the Discussion (section 5).  Data previously 
included within the Discussion (e.g. in section 5.2.1) has now been consolidated in the 
introduction (section 2.3) and/or Results (4). Information in the previous version relating to 
hydrochemical 'types' was deemed unnecessary to define the key end-members and derive 
mixing trends (as suggested by the reviewer), and was thus removed.  
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The description of the groundwater drawdown and the geochemistry is overly long and the 
reader gets lost in all the details. Both these aspects could be shortened considerably and 
presented in a more logical order. There is a tendency to introduce concepts (eg explaining the 
use of Cl/Br ratios) and new data (the radioisotopes, nitrate, Br) in the discussion; Figure 10 is 
explained in the discussion but used much earlier. The paper needs to be reorganised.  
Perhaps explain in more detail how we understand geochemical processes in the introduction 
(e.g., the general discussion of the use of Cl/Br ratios), describe all the data in one section, 
and restrict section 5 to interpretations. 

Response: Agree, changes made. As discussed above, a full-reorganisation of the paper has 
been conducted in response to the reviewer’s recommendations. Much of the introductory 
material has been significantly condensed and consolidated. We provide background about 
use of various geochemical tracers (including ionic ratios) in studies of groundwater 
salinization in the introduction (lines 88 to 103) and have condensed the description of the 
data into two major sections – stable isotopes (section 4.1) and Water salinity/Dissolved ions 
(section 4.2). The order of all figures (including Figure 10) has been revised such that these 
are introduced in proper order, in conjunction with the relevant material discussed in the text, 
and only those relevant to the major findings are included (e.g., Figures 1&2 have merged; 
Figures 9, 11, 12 and 14 were removed, Figures 10 and 13 were moved to earlier in the 
manuscript where they are relevant (now Figures 6 and 7).  

 
I agree with most of the interpretations, although for reasons explained below, the 
interpretation of the radioisotopes of the thermal waters (which look to come from another 
study) cannot be correct. I may have missed it but I don’t see a clear explanation of the 
seasonal variations in the stable isotope values of the shallow groundwater. It must be 
recording seasonal recharge (?) but is that consistent with the rest of the geochemistry? 

Response: Agree, changes made. We re-examined the radioisotope data, and decided to 
remove this from the manuscript, as these were collected by another group some time ago, 
and the data quality can’t be verified. We also looked closely at the stable isotopic data, in 
particular seasonal variations in these in some of the wells. This is noted in the revised section 
4.1 on stable isotopes (Lines 278-283):  

“Slight seasonal variation was evident in the groundwater isotope compositions; shallow 
groundwater from the dry season (n = 12) showed δ18O and δ2H values from -7.2 to -4.2‰ 
(mean = -5.7‰) and δ2H values from -56 to -39‰ (mean = -48‰); while during the wet 
season (n = 31) δ18O and δ2H values ranged from -11.0 ~ -5.3‰ (mean = -6.9‰) and -76 ~ 
-43‰ (mean = -51‰), respectively. Some variability was also evident in deep groundwater 
compositions, although only three deep samples were collected during the dry season.”  

Some of the observed variability (in shallow groundwater) is indeed interpreted as reflecting 
seasonal recharge (Lines 363-372):  

“The two fresh end-members were selected to represent a range of different groundwater 
compositions/recharge sources, from shallow water that is impacted by infiltration of partially 
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evaporated recharge (fresh but with enriched δ18O) to deeper groundwater unaffected by such 
enrichment (fresh and with relatively depleted δ18O). The narrower range and relatively 
enriched stable isotopes in shallow groundwater samples collected during the dry season 
compared with the wet season indicate some influence of seasonal recharge by either rainfall 
(fresh, with relatively depleted stable isotopes) or irrigation water subject to evaporative 
enrichment (more saline, with enriched stable isotopes and high nitrate concentrations; Currell 
et al., 2010) and/or surface water leakage. While there is overlap in the isotopic and 
hydrochemical compositions of shallow and deep groundwater (Fig. 3 & Fig. 4), this effect 
appears to only affect the shallow aquifer.”   
 
Finally, the English is difficult to read although the message is generally understandable. 
There are numerous places that the English needs to be corrected and I have not attempted to 
do this. It is not easy to write in a second language but careful proofreading of the final paper 
is required, which would increase its accessibility and impact. 

Response: The manuscript has been thoroughly revised and polished carefully for readability 
and English language according to this recommendation. 
 
Specific comments 
Introduction 
The introduction provides a comprehensive summary of the importance and threats to coastal 
groundwater. The threat to coastal groundwater due to sea level rise could be expanded a little 
as it is not just due to the interaction between seawater and the rivers, a rising sea level will 
induce saltwater intrusion away from the rivers and could wipe out perched freshwater bodies 
in some coastal aquifers. 

Response: Partly agree, change made. Undoubtedly, sea level rise is one factor threatening 
coastal groundwater, and this is now mentioned in the introduction (see line 60). However, we 
are of the view (following that of Ferguson and Gleeson, 2012) that the effects of sea-level 
rise on sub-surface saline intrusion are likely to be a relatively minor in comparison to 
ingress/inundation of tidal water into surface estuaries and effects related to increasing 
groundwater extraction in response to climate stress. In addition, because we are focusing on 
characterization of current and historical salinization processes, and are not conducting any 
modeling of future scenarios, we believe further in-depth discussion of sea level rise is not 
warranted (this is covered by other recent studies cited in the introduction, such as Werner et 
al., 2013).  
 
Lines 63-70. This section does not convey much except that studies were done and the results 
were different. Either add a few more details about the results or just shorten it. Lines 70-72. 
The definition of the hyporheic zone is older than that study, sentence needs rephrasing. 

Response: Agree. Most of this text was removed and the introduction condensed to focus on 
background issues relevant to the topic (e.g. the discussion of processes in the Nile Delta, and 
other modeling studies are not directly related to our study). See revised version of lines 62 to 
74.  
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Lines 90-99. See the comments above on the aims of the study. This section needs to have a 
clearly articulated statement of how this review improves our general understanding. 

Response: Agree, changes made. We have rewritten the objectives of this study, as follows 
(Lines 104-120): 

“This study examines the Yang-Dai River coastal plain in Qinhuangdao City, Hebei province, 
north China, specifically focusing on salinization of fresh groundwater caused by 
groundwater exploitation in Zaoyuan well field and surrounding areas. The study investigates 
groundwater salinization processes and interactions among surface water, seawater and 
geothermal groundwater in a dynamic environment, with significant pressure on water 
resources. Qinhuangdao is an important port and tourist city of northern China. In the past 30 
years, many studies have investigated seawater intrusion and its influencing factors in the 
region using hydrochemical analysis (Xu, 1986; Yang, 1994, 2008; Chen and Ma, 2002; Sun 
and Yang, 2007; Zhang, 2012) and numerical simulations (Han, 1990; Bao, 2005; Zuo, 2009). 
However, these studies have yet to provide clear resolution of the different mechanisms 
contributing to salinization, and have typically ignored the role of anthropogenic pollution 
and groundwater-surface water interaction. This study is thus a continuation of previous 
investigations of the region, using a range of hydrochemical and stable isotopic data to 
delineate the major processes responsible for increasing groundwater salinity, including lateral 
sub-surface sea-water intrusion, vertical leakage of marine-influenced surface water, induced 
mixing of saline geothermal water, and anthropogenic pollution. The goal is to obtain a more 
robust conceptual model of the interconnections between the various water sources under the 
impact of groundwater exploitation. The results provide significant new information to assist 
water resources management in the coastal plain of Bohai Bay, and other similar areas in 
China and globally.” 
 
Study Area 
The geology and hydrogeology are reasonably well described needs some attention. Section 
2.3 is a long and repeats some of the previous section (the drawdown and water use). It is also 
difficult to follow without illustrating on a Figure. Either add a map to show drawdowns or 
shorten this section to retain only the key facts. I am not sure that the localities (eg Zaoyuan) 
are on Fig. 1, which makes it difficult to follow. 

Response: Agree, changes made. The structure of the manuscript has been reorganized, as 
discussed above. Information about groundwater usage and drawdown has been significantly 
condensed into a concise new section – 2.3 Groundwater usage and seawater intrusion history 
(lines 170-219). The location of the Zaoyuan well field is now clearly shown using the legend 
of the revised Fig. 1. Water level maps have now been produced to show changes in these 
patterns through time (Figure S1).  
 
Lines 122-124. Do you mean yield (abundance) 

Response: Agree, change made. We re-wrote this sentence for clarity (Lines 143-145): 
‘Groundwater in the area includes water in the Quaternary porous sediment as well as 
fractured bedrock in the northern platform area. Fractured rock groundwater volume mainly 
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depends on the degree of weathering and the nature and regularity of fault zones (Fig. 1).’ 
 
Lines 130-132. Not clear what a “complete” aquifer system is. 

Response: Agree, change made. The text in question was deleted in the revised description of 
the aquifer system (Lines 152-159). 
 
Lines 140-143. More detail is needed here. By how much do the water levels vary? Is it 
across all the area? Critically, does depletion occur near the coast? Perhaps you could show a 
drawdown map or a few representative hydrographs. 

Response: Agree, changes made. As discussed above, this information is now included in a 
new section (2.3) along with a new figure showing drawdown patterns during four time 
periods (Figure S1). Figure 2 also shows representative changes in groundwater levels 
through time (continuous monitoring series) in three shallow monitoring wells, locations of 
which are shown on the revised Fig. 1. This information gives a clear picture of where and by 
how much water levels vary in the region with respect to groundwater usage.  
 
Lines 184-188. I presume that these are depths? What depths do the production wells pump 
from? 

Response: Agree, changes made. We checked the previous investigation materials and 
confirmed that the depths for the production wells in Zaoyuan well field are approximately 15 
-20m, as noted in the revised text (line 184). 
 
Fig. 1 would be improved by adding some hydrogeological information such as: 1) 
groundwater flow paths and 2) indicating the zone where seawater intrusion is observed. Is 
there any reason that the explanation of the colours/ symbols could not go on the key rather 
than in the caption? 

Response: Agree, changes made. We added arrows showing the groundwater flow direction 
and major seawater intrusion zones – defined as areas with >250 mg/L of chloride (see 
revised Fig. 1). 
 
Fig. 2 uses a different set of symbols to Fig 1. Make sure that these are the same. You could 
also merge Fig 2 into Fig. 1 as they are related and it would be easier to get the information 
from these two figures if they are together. 

Response: Agree, changes made. In accordance with the recommendation we have merged 
Fig. 2 into Fig. 1, and all relevant legend symbols are now included on the same key.  
 
Methods 
Lines 194-201. Some more detail on the wells are needed. The Table lists a single well depth, 
but both here and in the table information on the screen widths are needed as characterising 
the geochemistry from short-screened bores is much easier than from those with longer 
screens. 
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Response: Agree, changes made. We agree that understanding the well construction details, 
including screened interval length, is important when interpreting groundwater geochemistry 
data. Due to an absence of monitoring wells in the study, we unfortunately had no choice but 
to utilize production wells for our sampling. The well depths provided in Table 1 represent 
total well depths and in most cases the screened interval spans 5 to 15m above this depth (See 
new text lines 225-227).  
 
Lines 202-213. Quote the precision for all of the parameters and lower detection limits where 
important. 

Response: Agree, this information has now been supplied in the methods section (Lines 
243-247). 

 
Lines 221-238. This is a standard technique and the description of it could be shortened. 

Response: Agree, changes made. While the ionic delta values and saturation indices are 
potentially interesting, but now believe that (as the reviewer suggests below) the major 
processes of interest can be determined without looking at these indicators. Hence these 
methods and results were removed, to make the paper more concise and focused.  
 
Results 
Section 4.1 repeats some of the historical information that is section 2 (the description of the 
cones of depression). Again, it is done without any illustration. As this is really background 
material, it probably is better to merge it into Section 2 which would avoid some of the long 
descriptions. It is difficult to understand the water level changes due to pumping as they are 
written. Given that the paper is long and is mainly focused on geochemistry, it would be 
worth presenting the changes to groundwater levels in a single section (currently there is 
information in Sections 2.2, 2.3 and 4.1), shortening it so that only the key information is 
presented, and adding a diagram. 

Response: Agree, changes made. As discussed above, we have moved all of the information 
about groundwater dynamics into the background section (2.3 Groundwater usage and 
seawater intrusion history), updated Figure 1 and included a new figure showing spatial 
changes in water levels (Fig S1). In addition, we also include a diagram (Fig. S2, below) 
showing the seawater intrusion history (shown as chloride concentrations and SWI area) 
along with historic rainfall variation, indicated by cumulative fluctuations in the monthly 
average rainfall, and added the following text (Lines 205-208): 

“As indicated in Figure S2, the severity of seawater intrusion (indicated by changes in Cl 
concentration, and the total area impacted by SWI, as defined by the 250mg/L Cl contour) 
correlates with periods of below average rainfall – indicated by monthly cumulative rainfall 
departure (CRD, Weber and Stewart, 2004).”  
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Fig. S2 Graph showing the temporal variation of the monthly cumulative rainfall departure (CRD, Weber 

and Stewart, 2004), monthly precipitation, the average concentration of the chloride ion in groundwater of 

the study area (dark blue) and surface area with >250 mg Cl/L (yellow) between 1963 and 2008 (data from 

Zang et al., 2010).  

 
Section 4.2. 
Lines 217-281. I am not sure that you have enough data to discern a seasonal variation. Is the 
variation the same as in the local rainfall (I presume that there are data)? If so you could just 
note that the rivers have stable isotope trends that follow those of the rainfall and shorten the 
detail in this section. 

Response: Agree, Changes made. This information has been revised into a dedicated section 
on the water stable isotopes (4.1). We include a new diagram (Fig. S3, below) showing that 
rivers have stable isotope trends that generally follow those of the rainfall, and have noted this 
in the text (Lines 267 to 273):  

“Stable isotope compositions for surface water appear to exhibit significant seasonal variation 
(Fig. S3); for Yang River samples from the relatively dry season (June 2008, n = 3) had mean 
δ18O and δ2H values of -3.0‰ -31‰, respectively; samples from the wet season (August 2009 
and September 2010, n = 6) had mean δ18O and δ2H values of -6.6‰ -48‰, respectively. Dai 
River samples showed similar results; the dry season mean δ18O and δ2H values (n = 3) were 
-2.6‰ and -32‰, respectively; wet season samples (n = 7), had mean δ18O and δ2H values of 
-6.6‰ and -49‰, respectively (Fig. 3).”  
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Fig. S3 Graph showing δ2H vs. δ18O of water samples in rainfall and river water. Dry season- July to 

October; wet season- November to June. 

The description of the changes in isotopic values in groundwater sampled in different seasons 
has been updated. We note that there is some variability in shallow groundwater indicating an 
influence from differences in seasonal recharge mechanism and/or amount (Lines 278-283):  

“Slight seasonal variation was evident in the groundwater isotope compositions; shallow 
groundwater from the dry season (n = 12) showed δ18O and δ2H values from -7.2 to -4.2‰ 
(mean = -5.7‰) and δ2H values from -56 to -39‰ (mean = -48‰); while during the wet 
season (n = 31) δ18O and δ2H values ranged from -11.0 ~ -5.3‰ (mean = -6.9‰) and -76 ~ 
-43‰ (mean = -51‰), respectively. Some variability was also evident in deep groundwater 
compositions, although only three deep samples were collected during the dry season.” 
 
Lines 294-302. Suggest presenting the rainfall data first as it is part of the general background 
data against which you can compare your observations. 
Response: Agree, change made. The section describing the rainfall isotopes has been moved 
to the beginning of section 4.1 (lines 262 to 265):  
“The local meteoric water line (LMWL, δ2H=6.6 δ18O+0.3, n=64, r2=0.88) is based on δ2H 
and δ18O mean monthly rainfall values between 1985 and 2003 from Tianjin station some 120 
km SW of Qinhuangdao City (IAEA/WMO, 2006). Due to similar climate and position 
relative to the coast, this can be regarded as representative of the study area.”   
 
Line 302. Not clear what you mean by this. 

Response: Agree, change made. We rephrased this sentence so the meaning is clearer (Line 
288 to 291: “The local seawater plots below (more negative) than typically assumed values 
(e.g. VSMOW = 0‰) for both δ2H and δ18O, and this water appears to represent an 
end-member involved in mixing with meteoric-derived waters in both ground and surface 
water (Fig. 3).” 
 
Section 4.3 & Section 5.1 
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Section 4.3 does a good description of the major ion geochemistry. However, there is much 
basic description in section 5.1 (e.g., lines 386-420). Also there are data introduced in Section 
5 (nitrate and Br) that do not appear in Section 4. 

Response: Agree, changes made. We have rewritten and condensed the results and discussion 
section, so that the major ion geochemistry data is contained in the results (now section 4.2), 
while much of the new data introduced and discussed in the discussion (section 5.1) has been 
condensed or removed. The nitrate data were moved into the results section (Line 300), while 
we have decided not to discuss the Br data, as these were not necessary for explaining the 
observed salinization processes. 
 
Overall splitting the data up in this way makes the paper long and convoluted. You need to 
decide where information goes and be consistent. Presenting all of the descriptive material 
(including water types) in section 4 and restricting interpretations of the data to Section 5 
would make more sense. In which case the descriptive material on lines 386-420 could be 
merged into section 4.3. 

Response: Agree. The revised manuscript ensures that description and reporting of data is 
confined to the results section (4), while interpretations are given in the discussion (section 5). 
The only exceptions area where data were derived from other studies (see below) in which 
case they are not reported as our results in section 4, but are rather introduced in the 
discussion of interpretations as important/complementary evidence. 
 
The amount of description is also long. It is good to present the data in the text and I get very 
frustrated with papers that just refer to data in tables or figures without discussion, but there is 
a lot of detail presented in this study. Both for the stable isotope and the major ion data I 
would suggest cutting the detail down and presenting what you think is necessary.  For 
example, do you need to describe the water types or would an explanation of the variations in 
salinity and general water chemistry be sufficient for this study? The Piper diagram does not 
show the types in any case but the separation of the waters is clear. 

Response: Agree, changes made. Some sections in the discussion have been completely 
removed and/or shortened - e.g. sections 5.2.1 and 5.2.2 have now been integrated into a more 
concise discussion of hydrochemical indicators of mixing processes (Section 5.1). We have 
retained some basic discussion of water types and their relationship with different salinity 
sources (e.g. Lines 394 to 402), however this is significantly shorter than in the original 
manuscript. Discussion of saturation indices and ionic delta values has also been removed 
from the manuscript, as most of the trends in hydrochemical evolution can be described 
without reference to these techniques (see revised section 5.3). Overall the discussion has 
reduced in length from 257 to 172 lines.  
 
You also have a facies diagram (Fig. 8) and bivariate plots (Fig. 10). I am not convinced that 
you need both as surely the processes of freshening and intrusion could be shown on the 
bivariate plots? 

Response: Disagree. In the revised version, we have retained both figures, as we think they 
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are both important in explaining the role of thermal groundwater mixing (e.g. Na/Cl and 
Ca/SO4 +HCO3) as well as freshening and intrusion during seawater intrusion. We believe it is 
not possible to represent all of the necessary trends related to these processes on each of the 
diagrams alone, and there is value in inclusion of both (particularly with respect to 
demonstrating the role of base exchange). 
 
Discussion 
Lines 362-368. If the thermal water has measurable tritium then it has some component with a 
mean residence time of less than ∼ 100 years. Given that it has old 14C “ages” it looks to be a 
mix of old water (zero tritium, low 14C) and young water (high tritium, high 14C). In which 
case the 14C ages are meaningless. The mixing will also affect the stable isotope ratios and the 
interpretation of palaeowaters (although the older component may still have a past climate 
signal). I am not convinced that the thermal waters are important to this story, but if they are 
going to be included, then they need to be interpreted correctly. 

Response: Agree, changes made. After re-examination of the radioisotope data in the original 
source document, we decided that the data cannot be verified, and as such we have removed 
them from the manuscript. The associated discussion of 14C and 3H data has been removed 
from the manuscript. We believe the stable isotopes, major and minor ions – particularly 
strontium - give sufficient insight into salinization processes without the need for these data. A 
new section discussing the strontium data, including Sr/Cl ratios has now been included 
which we believe provides the clearest evidence of thermal/low temperature water mixing 
(lines 403 to 418): 

“Stronger evidence of mixing of the geothermal water in the Quaternary aquifers (particularly 
deep groundwater) is provided by examining strontium concentrations in conjunction with 
chloride (Fig. 8). The geothermal water from Danihe geothermal field has much higher Sr 
concentrations (up to 89.8 mg/L) than seawater (5.4-6.5 mg/L in this study), due to Sr-bearing 
minerals (i.e., celestite, strontianite) with Sr contents of 300-2000 mg/kg present in the 
bedrock (Hebei Geology Survey, 1987). Groundwater sampled from near the geothermal field 
in this study has the highest Sr concentrations e.g., G9 with Sr concentrations ranging from 
7.4 to 11.6 mg/L, and G19 from 4.9 to 7.1 mg/L.  

The plot of chloride versus strontium concentrations (Fig. 8) shows that these samples and 
others (e.g., G16, G20, G27, G29) plot close to a mixing line between fresh low-temperature 
and saline thermal-groundwater. Mass ratios of Sr/Cl in these samples are also elevated 
relative to seawater by an order of magnitude or more (e.g. Sr/Cl >5.0 × 10-3, compared to 3.9 
× 10-4 in seawater). Other samples from closer to the coast (e.g. G4) also approach the 
thermal-low temperature mixing line, indicating probable input of thermal water. Samples 
collected from the Zaoyuan well field generally plot closer to the Sr/Cl seawater mixing line 
(consistent with salinization largely due to marine water – Fig. 8); however, samples mostly 
plot slightly above the mixing line with additional Sr, which may indicate more widespread 
(but volumetrically minor) mixing with the thermal water in addition to seawater.” 
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Lines 386-405. See above, this is description and belongs earlier. 

Response: Agree, changes made. This descriptive information about salinization trends in 
response to pumping has all been consolidated into section 2.3 of the manuscript in 
background information (Groundwater usage and seawater intrusion history).  
 
Lines 406-409. Again, you are introducing new data. Collect all the descriptions of the data 
into Section 4. 

Response: Disagree, although changes made. The nitrate data we are reporting here (in 
surface water from Bohai Bay) was not collected in our study but reported in other sources, so 
we did not describe this in the results section as suggested. Our nitrate concentration data 
collected for this study is reported in section 4 (lines 325-327). For improved readability and 
structure, we have consolidated and condensed the discussion of nitrate data in a new section 
of the discussion (5.2 Anthropogenic pollution of groundwater), which discusses our collected 
nitrate data in the context of the Bohai bay surface water data published elsewhere, and 
compares the ratios between the two.  
 
Lines 441-458. This section describes some of the consequences of salinization, which would 
be better discussed towards the end of the paper after you have discussed the processes. 

Response: Agree, changes made. In the revised version we moved this and other information 
regarding consequences of salinization to a new section at the end of the discussion; ‘5.4 
Conceptual model of salinization and management implications’. See Lines 460-501. 

 
Lines 459-470. It is confusing to only introduce Fig. 10 here as most of its use is to describe 
water types, the presentation of which was much earlier in the paper. In any case, I am not 
convinced that the details on the water types adds much of substance to the paper. It lengthens 
the text and the salinization and freshening trends can be illustrated on the other diagrams. 

Response: Partly Agree, changes made. As described above, the discussion of water types has 
been significantly condensed in section 5.1. However, we still feel there is value in including 
the hydrochemical facies diagram to discuss specifically the changes in major ion 
composition due to salinization/freshening, with reference to Figure 11. This is now included 
in section 5.3 under ‘Hydrochemical evolution during salinization’.   
 
Section 5.2.2. See comments above. The interpretation of the radioisotopes cannot be correct. 
In addition, the data is being re-presented here (lines 513-515). 

Response: Agree. We deleted the text related to the interpretation of the radio isotopes. 
 
Lines 530-544. There is a fair amount of introductory explanation in this section, which could 
have been presented earlier. More importantly, more new data (the Br and the Cl/Br ratios) is 
being introduced. It makes the paper very difficult to follow when data is described piecemeal 
rather than in one section. 

Response: Agree, changes made. The background information regarding ionic ratios was 



14 
 

moved back into section 1. We decided that the Br and Cl/Br ratios were ultimately not 
required to explain the salinization processes and did not add much additional insight into the 
processes, therefore these data and the text referred to has been removed.  
 
Section 5.3 
The conceptual model is reasonable, but is it new? In this section or perhaps in Section 6, you 
should outline more clearly how your study has improved the understanding of seawater 
intrusion in this region (or how your model compares with conventional wisdom) and also 
how it fits in with current global understanding. The paper commenced by discussing a range 
of global issues and summarising a number of key studies, but it is not clear as to how the 
paper informs that global research and what relevance it may have to researchers working 
elsewhere. 
Response: Agree, changes made. In the revised version of the manuscript we have tried to be 
much more clear about the new contribution to understanding salinization processes our study 
has made, as highlighted in the introduction section (lines 109 to 120). This study for the first 
time clearly delineates between multiple competing processes responsible for salinization, 
namely, marine water intrusion (by sub-surface and surface pathways), mixing with saline 
thermal water due to intensive extraction, and anthropogenic pollution. We have highlighted 
the value of the updated conceptual model in section 5.3 (Lines 473-489):  
 
“A conceptual model of the groundwater flow system in the Yang-Dai River coastal plain is 
summarized in Fig. 11. This model presents an advance on the previous understanding of the 
study area, by delineating four major processes responsible for groundwater salinization in 
this area. These are: 1. Seawater intrusion by lateral sub-surface flow; 2. Interaction between 
saline surface water and groundwater (e.g. vertical leakage of saline water from the river 
estuaries); 3. Mixing between low-temperature groundwater and deep geothermal water; and 
4. Irrigation return-flow and associated anthropogenic contamination. Both the lateral and 
vertical intrusion of saline water are driven by the long-term over-pumping of groundwater 
from fresh aquifers in the region. The irrigation return-flow from local agriculture results 
from over-irrigation of crops, and is responsible for extensive nitrate pollution (up to 340 
mg/L NO3

- in groundwater of this area) probably due to dissolution of fertilizers during 
infiltration. The somewhat enriched stable isotopes in shallow groundwater (more pronounced 
in the dry season) also indicate that such return-flow may recharge water impacted by 
evaporative salinization into the aquifer. The geothermal water, with distinctive chemical 
composition (e.g. depleted stable isotopes, high TDS, Ca and Sr concentrations), is also 
demonstrated in this study to be a significant contributor to groundwater salinization, via 
upward mixing. The study area is therefore in a situation of unusual vulnerability, in the sense 
that it faces salinization threats simultaneously from lateral, downward and upward migration 
of saline water bodies.” 
 
Additionally, we have attempted to draw out some of the key management implications for 
this area and other similar areas globally, to increase the global relevance of the paper (Lines 
490-501):  
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“According to drinking water standards and guidelines from China Environmental Protection 
Authority (GB 5749-2006) and/or US EPA and WHO, chloride concentration in drinking 
water should not exceed 250 mg/L. At the salinity levels observed in this study - many 
samples impacted by salinization contain >500mg/L of chloride (Table 1) - a large amount of 
groundwater is now or will soon be unsuitable for domestic usage, as well as irrigation or 
industrial utilization. So far, this has enhanced the scarcity of fresh water resources in this 
region, leading to a cycle of groundwater level decline → seawater intrusion → loss of 
available freshwater → increased pumping of remaining freshwater. If this cycle continues, it 
is likely to further degrade groundwater quality and restrict its usage in the future. Such a 
situation is typical of the coastal water resources ‘squeeze’ highlighted by Michael et al., 
(2017). Alternative management strategies, such as restricting water usage in particular 
high-use sectors, such as agriculture, industry or tourism, that are based on a comprehensive 
assessment of the social, economic and environmental benefits and costs of these activities, 
warrants urgent and careful consideration.” 
  
Anonymous Referee #2: 
General comment 
The paper by Han describes the groundwater salinization processes and its inducement of a 
coastal aquifer. In the paper, a database of chemical and isotopic data is discussed to evaluate 
the hydrogeochemical processes governing groundwater flow in the aquifer and the overall 
quality of the water resources. The paper is mainly descriptive, and applies some geochemical 
processes to explain the behavior of the aquifer. Nevertheless, the way it has been focused is 
constrained to a regional study. The introduction is overelaborated without giving a 
straightforward idea of what the paper would like to present. The way how the geochemical 
data is explained is pretty much like those papers that are cited in the references. Meanwhile, 
it lacks new understandings of coastal auifers in general. The paper is organized in some way 
but for a publication in a top Internation JournaI, I consider that it does not constitute a 
valuable scientific contribution. 

Response: Partly agree, changes made. Significant changes have been made to the revised 
version of the manuscript (see response to previous reviewer’s comments), which we believe 
addresses the issues raised here by Reviewer #2. For example, the introduction has been 
condensed, but now highlights the rationale and scope of this study and the new contribution 
it makes to understanding salinization processes both in the study area, and more broadly (see 
lines 104 to 120, and section 5.3 of the revised paper.   
 
 


